Expression of four BMP antagonist genes, noggin, chordin, gremlin and Follistatin, was examined during chick feather development. Although expression of noggin and chordin was not detected, gremlin and Follistatin were expressed differentially in feather buds. The differential expression patterns of gremlin and Follistatin change dynamically from the nascent inter-feather bud region to the posterior domain of the feather bud. q
Results
The development of feather buds in the chick skin provides a very good model system for epithelial patterning in vertebrate development (see Wolpert, 1998 as a review). BMPs are essential factors in the periodic pattern formation of the feather bud. BMP-2, for example, was demonstrated to be necessary to mediate the lateral inhibition that positions buds in a tract (Noramly and Morgan, 1998; Jung et al., 1998) . Although the BMP pathway favors the formation of future inter-bud domain, BMPs are highly expressed in the bud itself from the earliest stages of feather development (Noramly and Morgan, 1998; Jung et al., 1998) . To explain this rather paradoxical observation, it has been speculated that within the bud domain, the activity of BMPs can be countered by antagonists of BMPs including Noggin, Chordin and Follistatin. Actually, Follistatin is known to be expressed in the feather bud (Patel et al., 1999) . Recently, gremlin, encoding a member of the DAN family of the BMP antagonists (Hsu et al., 1998; Topol et al., 2000) , was reported to be expressed in the developing limb (Capdevila et al., 1999; Merino et al., 1999; Vogt and Duboule, 1999 as a review) and feather (Merino et al., 1999) . However, its expression pattern in the feather bud has not been analyzed in detail yet. Thus, we compared the expression pattern of gremlin with that of Follistatin in feather buds, where expression of noggin and chordin was not detected.
At day 7 of incubation, gremlin mRNA becomes detectable in distinct tracts along the shoulders, wing margins, middorsum, and thighs (Fig. 1A) , where the expression is restricted in nascent inter-bud regions, but not in the feather bud primordia in the mid-dorsum (Fig. 1B) and in the thigh tracts (Figs. 1C and 2A) . Expression patterns of gremlin in the dorsal side of the wing bud at day 10 of incubation are shown in Fig. 1D ,E, where its full dynamic expression pattern is observed. Typical patterns of gremlin in the wing bud at various developmental stages are shown in Fig. 2 . With progress in development, the expression in the interbud region ( Fig. 2A) becomes localized in the circumference of the nascent feather bud (Fig. 2B) . Then, the expression becomes restricted in the posterior region of the bud (Fig.  2C,D) . In later stages, gremlin is expressed in the posterior side of the proximal region of the feather bud (Fig. 2E±L ). This pattern remains unchanged until the feather bud becomes ®lament (Fig. 2G,J) . Transverse sections reveal that the expression is restricted in the mesenchyme of the posterior region of the bud (Fig. 2J,K) without any transition between the epithelial and mesenchymal layers.
We observed expression pattern of Follistatin in wing buds for comparison. The pattern of Follistatin changes dynamically as previously described by Patel et al. (1999) : in early stages, Follistatin is expressed in the epithelium of the presumptive feather bud region as continuous stripes.
The expression is localized in the nascent bud (Fig. 3A) , and then restricted the periphery of the bud (Fig. 3B) . With progress in development, Follistatin expression is restricted into the posterior region (Fig. 3C±G) concomitantly with epithelial-mesenchymal transition. In later stages, Follistatin is expressed in the mesenchyme of the distal-posterior region of the bud (Fig. 3F,G) . Expression patterns of gremlin are schematically illustrated in comparison with those of Follistatin in Fig. 3H .
Methods

Whole-mount in situ hybridization
Whole-mount in situ hybridization was performed with an automated instrument (AIH-101, Aloka Co. Ltd., Tokyo, Japan), using a protocol as described previously (Yoshioka et al., 1998) . Antisense RNA probes for the BMP antagonist cDNAs were generated from a cDNA fragment as described previously (Merino et al., 1999 for gremlin; Patel et al., 1999 for Follistatin). In the ®rst and second rows, gremlin is expressed in the proximal part of the posterior side of the feather buds. In the third and fourth rows, the expression is localized in the posterior domain of the feather bud. In the ®fth and sixth rows, gremlin is expressed as a ring around the nascent bud with intense expression in the posterior regions. In the remaining rows, it is expressed in the circumference of the bud or nascent inter-bud regions. (E) A full pattern of gremlin expression at 11 day of incubation. Yellow broken lines indicate the margin of the bud. Feather ®laments are observed in the ®rst four rows (the posterior side of the bud), where gremlin is expressed in the proximoposterior region (cf. Fig. 2F,I ). In the feather buds, the expression becomes restricted to the posterior region of developing feather buds (cf. Fig. 2D ,E,G,H,J,K). Scale bars, 1 mm in (A,D,E); 0.1 mm in (B,C). 
